Field applications to strawberry of nitrogen, phosphorus, and potassium had no significant effect on the fecundity of the obscure root weevil, Sciopitbes obscurus Horn, fed on detached leaflets in the laboratory, but when nitrogen was not applied there was a significant reduction in the fecundity of the black vine weevil, Brachyrbinus sulcatus (F.). With strawberry in sand culture, low levels of nitrogen had no apparent effect on the fecundity of S. obscurus but were associated with a significant reduction in the fecundity of B. sulca' tus. Some association is suggested between the different effects of nitrogen nutrition on these species and their different susceptibilities to cyclodiene insecticides.
INTRODUCTION
In soil free from cydodiene insecticides the introduced black vine weevil, Brachyrhinus sulcatus (F.), is more prevalent on and more damaging to straw berries than the native obscure strawberry root weevil, Sciopithes obscurus Horn. In 1952 B. sulcatus larvae occurred in outbreak numbers in a planting where large amounts of nitrogen had been applied. The nitrogen was to re store that lost by the decomposition of a sawdust mulch. This paper reports the results of later laboratory experiments conducted with leaves detached from strawberry (var. British Sovereign) grown in the field and with leaves attached to plants grown in sand culture, to determine the effect of host nutrition on the fecundity of both weevils.
The effects of host plant nutrition on the fecundity of insects and mites have been comprehensively reviewed ( 6, 8) . Workers generally conclude that increased nitrogen in the host plant is associated with increased fecundity in aphids, chinch bug, corn earworm, peach tree borer, lesser migratory grass hopper, mustard beetle, San Jose scale, two-spotted spider mite, clover mite, and European red mite but no results have been recorded for root weevils. The study reported here was conducted to determine if there was a differ ence in the effect of host plant nutrition on the fecundity of the two root weevils B. sulcatus, a species susceptible to cyclodiene insecticides, and S. obscurus, a tolerant species. A difference would indicate another basic physio logical variation between these species which might be biochemically linked with their detoxification mechanisms.
METHODS
The detached leaf technique has been adversely criticized (5) because rapid changes occur in the constituents of the leaves. However, caging weevils on attached leaves outdoors was unsatisfactory; small leaf cages became hot and moist during the day and large cages made recovery of eggs impossible. Hence, the effect of plant nutrients under field culture were studied with detached leaves and under sand culture with attached leaves. May 3, 1962 . The plants were irrigated by sprinklers following the applications, and all necessary cultural practices were followed. The blossoms were removed in the first summer. All runners were removed. No sprays were applied.
In June, 1960, reproductively immature weevils of both species were caged singly in glass vials ( 1) containing a full-grown leaflet from 1 of the 160 plants. The vials were kept at 20°C and closed with loose-fitting corks to keep the humidity high and the leaves succulent for 1 week when they were replaced and the eggs counted. The egg production of both species was recorded for 6 weeks.
In 1961, the second year, only B. sulcatus was studied. Teneral adults were S\Vept in June and caged singly in plastic leaf cages (1) with a full-grown leaflet from 1 of the 160 plants. The petioles were immersed in water by in serting them through holes in a sheet of plastic over a tray of water. To maintain humidity another plastic sheet was placed loosely over the cages. The trays were kept in the laboratory at temperatures between 20 and 25°C. The leaves were renewed and the eggs counted weekly for 6 weeks.
In 1962, the third year, again only B. sulcatus was studied. Teneral adults were collected in the laboratory as they emerged from infested soil. Two methods of caging were used: A full-grown trifoliate leaf was taken weekly from three of the five plants per replicate. The first leaflet and a weevil were placed in a dosed vial cage and kept at 20°C with 16 hours of light daily. No leaching of nutrients was possible in these cages. The second leaflet was oven dried for later chemical analysis. The third leaflet, still attached to the petiole, was caged with a weevil in a ventilated leaf cage. The petioles were immersed in tap water in individual 50-ml Erlenmeyer flasks, the whole covered by a transparent hood to maintain humidity, and kept at room temperature. Egg production was recorded weekly for 6 weeks with both methods. The viability of all eggs was determined.
The leaflets were analyzed for protein nitrogen by the semimicro method of Ward and Johnston (7) from foliage detached on July 11, 1961, and August 21, 1962.
Sand Culture
The British Sovereign runner plants were selected, washed, and potted in 15-cm plastic pots in washed quartz sand of 20-to 40-screen size from Ottawa, Ill., on May 14, 1962. The pots were allowed free drainage and held in a growth room. Light was provided by a bank of 14 new Sylvania Gro-lux fluorescent tubes suspended 30 cm above the pots giving an intensity of about 1000 ft-c at the leaf surface for a 16-hour photoperiod. A transparent canopy made of Kodapak was suspended beneath the lights and an electric fan directed air between the canopy and the tubes to remove excess heat. A polyethylene curtain hung from the edges of the canopy maintained high humidity among the plants, where the temperature ranged from 20 to 25°C. Nitrogen in the nitrate form was supplied at one of four levels: 210, 105, 52, or 26 p.p.m. Other nutrients were kept constant according to Hoagland's solution No. 1 ( 4), except calcium which was held at 300 p.p.m. by appropriate amounts of CaCL. Nutrient solutions were applied at 100 ml per pot on Tues days and Fridays. Distilled water was added at 400 ml per pot on Mondays to leach out excess salts, and fresh iron solution (0.5% FeCl3.6H20) at 100 ml per pot on Thursdays.
The treatments were arranged in a randomized block with 10 single-plant replicates.
The growth of the plants was compared by measuring the length of the runners cut four times. The leaves were analyzed for protein nitrogen, potas sium, phosphorus, and ash ( 7).
One teneral adult of both species was caged on each plant. Adults of B. sulcatus were collected on June 14 as they emerged from infested soil. Adults of S. obscurus were collected by searching at the base of strawberry plants on June 28. The preoviposition periods were determined by examining the cages daily for eggs. Thereafter, eggs were counted at weekly intervals and their viability determined.
After B. sulcatus had oviposited for 11 weeks, weevils on the plants receiv ing the highest level of nitrogen were moved to plants receiving the lowest level and vice versa. Eggs were recorded for 4 more weeks, then the weevils were returned to their original plants and the eggs recorded for a further 2 weeks.
RESULTS

Field Culture
There were no significant differences between the numbers of eggs produced by S. obscurus on foliage from differently fertilized plants in 1960 (Table 1 ) . Only 1 of the 160 weevils died, indicating low variability between individuals and low stress on the population during the experiment. On the basis of these results no further experiments were conducted with this species and field-grown foliage.
An apparent effect of the fertilizers on the fecundity of B. sulcatus was evident in the first season, 1960, when the non-fruiting plants were becoming established ( Table 1 ). The highest egg production occurred when nitrogen alone was applied but the production was not higher than that obtained with phosphorus or potassium. Egg production was reduced by the interaction of nitrogen with potassium but plant growth was not noticeably affected by any treatment. The coefficient of variability for the species was low. The results were sufficiently encouraging to warrant further studies.
During the second season, 1961, there were no differences in egg produc tion between treatments ( Table 1) . Analysis of leaves for protein nitrogen showed little variation between treatments from a general mean of 2:.56% dry weight. Apparently the inherent soil fertility was sufficient to satisfy the nitrogen requirements of the plants and of the weevils.
Again, in the third season, 1962, there were no differences between treat ments in the eggs produced (Table 1) or viable, nor in the types of cages. 
Sand Culture
The plants responded to the four nitrogen levels in the expected manner ( Table 2 ). The beginning of egg-laying by B. sulcatus was delayed at low nitrogen levels, but there was no apparent effect on S. obscurus (Table 2 ). B. sulcatus laid more eggs and more of them were viable at the 210-p.p.m. standard level of nitrogen than at the lower levels. Unlike B. sulcatus, S. obscurus did not show any association benveen nitrogen levels and fecundity (Fig. 1 ).
There was no correlation betvveen the fecundity of either species and the potassium, phosphorus, or ash in the foliage. No obvious or consistent differ ences were observed in the amounts of foliage eaten by weevils caged on plants receiving different levels of nitrogen. The anticipated effects of moving B. sulcatus from the plants receiving the standard level of nitrogen to those receiving the lowest level and vice versa were realized (Table 3) . Weevils which had previously laid few eggs on plants receiving the low level nitrogen became very fecund when moved to plants receiving the standard level. These weevils reverted to low egg production when they were returned to their original plants. The reciprocal response was observed with weevils moved from the standard to the low and back to the standard level of nitrogen. Weevils on plants receiving the intermediate levels of nitrogen were not moved and their production remained comparable to previous levels.
DISCUSSION AND CONCLUSIONS
The indifferent response of S. obscurus indicates that fecundity would not be affected by low or high soil fertility. With B. sulcatus low fecundity was associated with low levels of nitrogen in the host. Results similar to those with sand culture may not obtain in the field where the supply of nitrogen is usually adequate. Using detached foliage from the field there were significant differ ences in the fecundity of B. sulcatus in the first or non-fruiting year, but not in the next two cropping years. Possibly the plants themselves were more affected by the fertilizer when they were newly established than they were in subsequent years.
Gordon (2) has postulated a connection between the nutrition of insects and their tolerance to insecticides. Henneberry ( 3) found that the fecundity of two-spotted spider mites resistant to organophosphates was not correlated
